Abstract-This paper presents a statistical assessment of scattered field from a building facade presenting random physical and geometrical parameters. A simple 2D inhomogeneous model is considered for the building and the calculation method is based on Green's functions. Polynomial chaos expansion is used for uncertainty analysis and different statistical results are presented.
INTRODUCTION
Wireless communications experienced a great expansion worldwide and the networks are very dense in urban areas. Predictive tools are essential to assess the distribution of electromagnetic fields in a fast and accurate way in order to optimize the implementation of base stations and minimize the human exposure. Wave propagation simulators are based on different models of urban environment and employ appropriate calculation methods. We can mention empirical, statistical, theoretical, site-specific models or a combination of them to generate a hybrid model. Given the complex and variable environment, the prediction of electromagnetic fields with such deterministic simulators has to be accompanied by an acceptable amount of uncertainty. Consequently the assessment of the electromagnetic waves in urban environment in terms of the propagation of uncertainties presents an important challenge. In order to integrate the uncertain dimension into simulations and measurements, different numerical methods can be used such as Monte Carlo method, perturbation techniques, moment equations, operator based methods, polynomial chaos, etc. [1] . This paper is a communication based on our recently published work [2] .
II. SIMULATOR

A. Model and method
A 2D model for building facade including different architectural details has been adopted. The computational method is based on the Green's functions associated with the interface between two semi-infinite media.
B. Polynomial Chaos Expansion
The Polynomial Chaos Expansion is an advanced statistical technique which by using a polynomial expansion, provides a meta-model for the physical model [3] . This method is a good candidate for a parsimonious approach able to provide with various types of statistical information.
The polynomials constituting the basis of the probabilistic space are chosen according to the input random variables distributions. The expansion is then truncated using Least Regression Angle (LARS) in order to obtain a sparse representation of the physical model. By minimizing the mean square error between the actual physical model computed at a given point of the experimental design and the truncated polynomial approximation, the unknown coefficients can be calculated. The quality of the meta-model is assessed using a Leave-One-Out technique and the points in the experimental design are iteratively adjusted according to the desired model quality and using a Nested Latin Hypercube Sampling, see details in [3] .
III. NUMERICAL RESULTS
We choose 8 random variables for physical and geometrical parameters. These parameters are defined for the generic 12 m×12 m concrete-glass building illustrated in A sufficient number of building profiles need to be generated. This number is achieved when an acceptable determination coefficient (Q2) is obtained for the polynomial chaos meta-model built with LARS selection. This coefficient is directly related to the acceptable RMSE for the phenomenon under consideration. Each random building profile is illuminated by a TE polarized plane wave at 900 MHz. The incidence and observation angles are fixed (θ i =θ r =0°). A few number of observation distances, from 50 m to 800 m, representative of different diffraction zones, are selected to be studied. The number of polynomials increases with the number of input parameters and the complexity of the model. Given the dramatic field fluctuations in the closest diffraction zone of the building, the first results can be obtained for the reflected field at 50 m from the building. The convergence of the sparse PC expansion has been previously verified for this worst case and an acceptable Q 2 =0.95 can be obtained using 300 samples. For this distance and the total number of m=8 random variables, the total number of polynomials selected by LARS algorithm is 178 from the total number of )
= 490 314 where the maximum order is p=15. This experimental design is kept for the other observation distances.
The total Sobol' indices are calculated can be calculated at a desired distance and for each input parameter. They are presented for r = 100 m in TABLE I. arranged in descending order. At this distance (Rayleigh zone) the concrete permittivity is the input parameter that has the greatest influence on the output variance followed by the height and the width of the windows. The permittivity of glass appears far after these 3 variables. Other input parameters, involving the distribution of windows, do not have great influence. In signature analysis, the variance of the meta-model is assessed in terms of each polynomial by computing the relative magnitude of each coefficient. Figure 2 . makes a summary of the signature analysis for the polynomials contributing for 95% of the output variance of the meta-model at 100 meters from the building. The values of the relative magnitude of the coefficients of the corresponding polynomials are presented by the height of color bars. The order of the polynomials is indicated by the width of the bars and their contents (in terms of input parameters) by different colors introduced in the legend. As we see, only 6 input parameters appear in the pure order category. The vertical and horizontal distances between windows (D 3 , D 4 ) are not part of the most important parameters which influence singly the reflected electric field form the building at this distance. Among the 6 present parameters, the concrete permittivity (ε C ) has the most important impact, followed by the dimensions of windows (H, W). As for the higher order polynomials, the interactions are limited to 2 parameters among the first 4 parameters (ε C , ε G , W, H). We also point out that the most influent polynomials on output variance are the interaction polynomials and none of the pure polynomials of order 2 appears in the list. We can also easily obtain the statistical distribution of the reflected field at different distances. The probability density functions (PDF) for a few observation distances are traced in 
